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Key Trends SIEMENS
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Siemens Simcenter supporting AIAA and the broader community

TRL M Low
MEDIUM

B HcH 2015

Demonstrate implementation of CFD
HPC algorthms for extreme paralelsmin
NASACFD codes (e.9., FUN3D)

CFD on Massively Parallel Systems
PETASCALE

<> Technology Milestone * Technology Demonstration

& Decision Gate

2020 2025 2030

30 exaFLOPS, unsteady,
maneuvering flight, full engine
simulation (with combustion)

Demonstrate efficiently scaled
CFD simulation capabeity onan
exascale system

EXASCALE 4

CFD on Revolutionary Systems
(Quantum, Bio, etc.)

Improved RST models
in CFD codes

Hghly accurate RST models for flow separation
.

ANSLES

Physical Modeling

Integratedtranson
prediction

Unsteady, complex geometry, separated flow at
flight Reynolds number (e.g., high lift)

ﬂ*

A.‘. MLES/WRLES for compiex 30 flows at appropaate Re

\
Chemicalkinetcs
calculation speedup

Unsteady, 3D geometry, separated flow

, Ikine
li?:l“ ey (e.g., rotating turbom achinery with reactions)
ES

Automated robust solvers

Algorithms

Y Mult.-regme
turbulence-chemistry
INteracton model

Grid convergence fora
complete configuration

Productonscalabie
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Large scale stochasticcapabiities inCFD

Scalable optmal sovers

Characterzation of UQ inaerospace

Tighter CAD couping

Geometry and Grid

Uncertainty propagation
capabiitiesinCFO

Reliabie error estimates in CFD codes
Large scale paralel

sutomated in-stu mesh
mesh generation

with adaptve control

: —_——
Generation Aot -

Simplified data
representation
AN\

Production AMR in CFD codes

Creation of real-time multi-Sdelity database: 1000 unsteady CFD
simulations plus test data with compiete UQ of all data sources

Knowledge Extraction — 2%

Define standardfor cowping
10 other disapines

High fideity couping
techniquesfameworks

3 & =

On demand analysis/visualization of a On demand analysis/visualization of a
108 point unsteady CFD simulation 1008 point unsteady CFD simulation

Incorporation of UQ for MDAO

* *

MDAO simulation of an entire UQ-Enabled MDAO
aircraft (e.g., dero-acoustics)

Robust CFD for
complex MDAs

« CFD 2030 guiding our development direction

and priorities

» AIAA Workshops
« DPW, HLPW, PAW, WIPP
 Transition Modeling
» Hover prediction
» Sonic Boom

Committees
« EATS
« IPW (ASME)
* INPSI

Research programs
» Clean Skies (1, 2, 3)
 LUFO
» Multiple SBIR (corrosion)

SIEMENS



Multiphysics simulation for Battery safety

Challenge

« Ensure safe containment during
thermal runaway — failure in one cell
propagates.
Regulation en route. Key for brand.
Complex multiphysics problem
(multiphase, reactions, thermal
radiation, FSI, phase change, ...)

Region Free from
Fire-Induced
Stains and Soot
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Cold weather flight in UAM

Challenge

« Impact of energy use
Avoiding ice formation
Sensor location planning
Design of protection systems
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Safe cabin environments

Challenge SIEMENS
- Design ECS systems to ensure : v Ingesuaily for life
comfort and safety

Certify airflow and filtration C ‘

Certify seat design
Reduce unwanted noise

Solution

STAR-CCM+

Jamaens PLM Software
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SIEMENS
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'ngh-fldellty cough simulation in an aircraft

,tabm

Prashanth Shankara — Siemens Digital Industries Software
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The human cough

Source of transmission for airborne infections

PREVENT DISEASE

SPITTING, COUGHING, SNEEZING,
SPREAD INFLUENZA
and TUBERCULOSIS

“Sparish Fiu warning
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SIEMENS
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Coronavirus Disease 2019

COVER YOUR COUGH

PREVENT PEOPLE AROUND YOU FROM GETTING SICK

Cover your mouth and nose with a tissue when
coughing or sneezing.

Put your used tissue in a waste basket and wash
your hands or use an alcohol-based gel.

If you don’t have a tissue,
cough or sneeze into your upper
sleeve, not your hands.

If you are sick and face masks are
available, use one to protect others.

Siemens Digital Industries Software




The human cough SIEMENS

Source of transmission for airborne infections lngenuity for life
Go-‘rgle airborne infection transmission X !, Q
Q Al QO Shopping @ News [ Videos  Maps i More Settings  Tools

About 6,640,000 results (0.51 seconds)

www.cdc.gov » coronavirus » 2019-ncov » more > scie... ¥

Scientific Brief: SARS-CoV-2 and Potential Airborne ... - CDC

Oct 5, 2020 — Most infections are spread through close contact, not airborne transmission. ...
Droplet transmission is infection spread through exposure to ...

/A COVID-19 alert

Common questions

What is the difference between airborne and droplet transmission? v
Is the coronavirus disease transmission airborne? v
What does airborne transmission mean? v
How far can the virus that causes COVID-19 travel in the air? v

For informational purposes only. Consult your local medical authority for health advice
Feedback

Unrestricted © Siemens AG 2020
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The human cough SIEMENS
Source of transmission for airborne infections lngenuity for Ufe
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The human cough SIEMENS
Source of transmission for airborne infections lngenuity for Uife

Understanding the human
cough is critical to evaluating
transmission risk
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The human cough SIEMENS
Source of transmission for airborne infections lngemuity for Life

The difference between droplet
and airborne transmission

Droplet transmission Airborne transmission
Coughs and sneezes Tiny particles, possibly produced
can spread droplets of saliva by talking, are suspended in the
and mucus air for longer and travel further

Less than
5 microns

(o & Droplets .

A et Human hair:

Morethan ° .:| . 60-120 . ;
. = . . microns wide

5 microns , .

Source: WHO BERE
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How far do cough droplets travel? SIEMENS
Source of transmission for airborne infections lngenuity for life

What happens at two metres when someone coughs?

How far droplets travel

Droplet transmission* Airborne transmission*
Larger droplets fall on surfaces Smaller droplets evaporate
within 2 metres and virus continues on

Exhalation

Cough

CBC NEWS “Not to scale. Coronaviruses are 120-160 nm (less than 0.0002 mm) in diameter.
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Designing safer indoor environments SIEMENS
lhgfeb\uify{orufe

Test vs simulation (1 vs 100 design scenarios)

i

Solution Time 9.75.

Simcenter STAR-CCM+

2article Diameter (um)
750

. 328

143

63

Source: NIOSH
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Transport from an infected person SIEMENS

What affects the droplets and where they go? lngenuity for life
Where does a cough go? —_—
Coughs, al:)ng with Can travel as fast - .
i"eerﬁ:’ piaya as 80 km/h and expel a Small droplets
Key 3 almost 3,000 droplets may float into
in transfering uantilation
respiratory ;
diseases The direct jet can . . ::'Lgnh:::j;;:‘ps sy.stems

spray-draplets airborne and
/. around1l.8m 4
Jd travel further
DA Sl R |
Some droplets ol

tables | ~ therespiratory
A coronavirus may remain viable [ g A
oninanimate surfaces for1-9 days* '

settleonsurfaces s . -
such as door l _
knobs and o - Canenter

o AFP
AN
AAAMAAN
AR A A
40,000 & &
droplets | | 3000 600
WhAhLREY WhhANY b
. . Sneezing Coughing Talking
Unrestricted © Siemens AG 2020 droplets
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Transport from an infected person SIEMENS
What affects the droplets and where they go? lngewnuity for Ufe
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Modeling a cough with CFD simulation SIEMENS

The challenges lngenuity for Uife
} . Simcenter STAR-CCM+
The right Droplet Air flow
approach modeling modeling
High-fidelity, multiphysics, | | Method, size, distribution, Unsteady indoor airflow
simulation tool, physics angle, mouth opening modeled in CFD
involved
Cough jet Droplet Different
tracking scenarios
Time dependent flow, Time of tracking, Flow, patient, barriers,
unsteady evaporation, breathing, mask, cough types
forces on droplet

Accurately modeling a single cough is incredibly complex. All the representative physics and scenarios

need to be accounted for. The exact geometry of the indoor space needs to be modeled.

Unrestricted © Siemens AG 2020
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Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for life

Fluid dynamics
Heat transfer
Engine In-Cylinder
Aeroacoustics
Multiphase flows
Particle flows
Electrochemistry

Battery Simulation - - - )
Simcenter STAR-CCM+ is the CFD-focused multiphysics

Solid Mechanics 4 2\ engineering solution that uniquely integrates comprehensive
‘4 physics with intelligent design exploration in a single CAD-to-

Design Exploration solution environment, built for the most simple to the most
; advanced CFD simulation needs.

Many more...




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for Ufe
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Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for Life

Fluid dynamics
Heat transfer
Engine In-Cylinder
Aeroacoustics
Multiphase flows
Particle flows
Electrochemistry
Battery Simulation
Solid Mechanics

Design Exploration

Many more...




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for life

Particle Velocity[k] (m/s)
Fll"d dynamlcs v W

Heat transfer
Engine In-Cylinder
Aeroacoustics
Multiphase flows
Particle flows
Electrochemistry
Battery Simulation
Solid Mechanics

Design Exploration

Many more...




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for Uife

Fluid dynamics
Heat transfer
Engine In-Cylinder

Aeroacoustics

Muiltiphase flows

Particle flows
Electrochemistry
Battery Simulation
Solid Mechanics
Design Exploration

Many more...
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Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngewuity for life
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Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for Ufe

Fluid dynamics
Heat transfer
Engine In-Cylinder

Aeroacoustics

Multiphase flows

Particle flows
Electrochemistry
Battery Simulation

Solid Mechanics

Design Exploration

Temperature (C)
150 200 250 00 350 400 450 500

[
Many more... =




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for Uife

Fluid dynamics

Heat transfer
forticity: Magnitude (/s)

Engine In-Cylinder 5000.0
Aeroacouslics
4100.0
Multiphase flows
Particle flows

Electrochemistry

Battery Simulation
1400.0

Solid Mechanics

Design Exploration 500.00

Skin Friction Coefficient
0.00000 0.0040000 0.0080000 0.012000 0.016000 0.020000 SOIUtlon Time 0

Many more...




Simcenter STAR-CCM+ SIEMENS

Multiphysics CFD simulation software to model cough droplets lngenuity for life

Fluid dynamics

HB: Pressure (Pa)
Heat transfer o
Engine In-Cylinder
Aeroacoustics . Yy & R QN 15000.
Multiphase flows
Particle flows S
Electrochemistry

-5000.0

Battery Simulation
Solid Mechanics ' AT . 15000
Design Exploration
Many more... 725000,




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for life

Fluid dynamics

Heat transfer
Engine In-Cylinder
Aeroacoustics
Multiphase flows
Particle flows
Electrochemistry
Battery Simulation
Solid Mechanics
Design Exploration

Many more...




Simcenter STAR-CCM+ SIEMENS
Multiphysics CFD simulation software to model cough droplets lngenuity for life

Fluid dynamics

. ® Parto Rars 1
Heat transfer o R
%‘ ok r, ] .. Contrmmes
p - € an Y
Engine In-Cylinder L™ AL S :
! . . y
. g as Y A AT
Aeroacoustics % ate]*%0 O i Y
: ) 0.4 4 "'.":n:m‘-"..‘-_'- o
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Simcenter STAR-CCM+ SIEMENS
Lagrangian multiphase model to simulate cough droplets lngenuity for life

Poricie Massrocion of C | 32 INO3
060000 070000 m oo 10000

Solution Time 0. 0104 (s)

« Lagrangian Multiphase (LMP)
« The observer tracks parcels of particles as
they move through space & time.

s

M

» One or two way coupled with airflow.
* Impingement model allows both bounce or
stick conditions.

Unrestricted © Siemens AG 2020
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Simcenter STAR-CCM+ SIEMENS
CFD simulation for ventilation and comfort studies lngenuity for life

Airflow in confined spaces simulated for passenger comfort or ventilation system design

Unrestricted © Siemens AG 2020
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Cabin air flow SIEMENS

lug,eb\uffy -for U{a
Simcenter STAR-CCM+ (U .' & ‘-; ey ~-
= . v =)

<

olution Time 8.6 (s

Vetosity (mis)
00000 0 12000 024000 036000 0 48000 0 60000

URANS run for 2-4 mins Thermal comfort modeling
Humidity 10% in cabin Respiration from nose

Human models from Siemens Jack software Gaspers on/off
Temperature set for head/body Mitigation efforts (barriers, shields)

Unrestricted © Siemens AG 2020
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Cough jet profile

Test Simcenter STAR-CCM+

25 T Syt ] e 4] v 1O %

——Cases #1 and #3 (u|p=22.06 m/s)
——Case #2 (u|p=10.8l m/s)

10

Inlet cough velocity, u (m/s)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time, t (secs)

Model the time-dependent cough jet velocity
Multicomponent — Air (94%) + water vapor (6%)

Non-evaporative 6%
Representative angle
Averaged mouth opening area = 4 sq. cm

Unrestricted © Siemens AG 2020
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Droplet distribution, tracking and evaporation SIEMENS
luzeuuify-{orlj{e

Table 3.2: Droplet size distribution (reproduced from Duguid (1946)).

Diameter class, pm Number of droplets (N)  Mass flow rate, kg/sec

Simcenter STA:"CCM‘ No. of droplets in cabin over time 3 76 1.07442¢-9
‘ 1000 6 1041 1.17621e-7
= 5 7 386 3438167

20 127 5.27788¢-7

. 28 47 5.28726¢-7

% 36 45 1.07488¢-6

3w 45 38 1.81309¢-6

] 625 38 485761c-6

875 27 9.12003¢-6

% 125 2 2.38565¢-5

1375 30 4.08346¢-5

JH HEEE SEEEEE " 175 83 235718¢-4

Solution Time 28.95 (s) Particle Diameter (um) 225 47 2.74349c4

375 40 1.10447¢-3

750 27 5.74322¢-3

Total 2084 7.44083¢-3

No. of droplets in a cough = 2000 — 10,000
Diameter range = 0.1 — 750 micron
Injection time = 0.042 — 0.136 sec

Drag, gravity, thermophoresis, Stokes

Unrestricted © Siemens AG 2020
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Evaporation, inertia, gravity and drag

Humidity in cabin (10%) and cough jet (80-90%)
Droplet tracking — 2 — 4 minutes




128 compute cores

Single cough vs statistical (Empty room)  under1dayforaiflow+cough  SJEMENS
What you see is not what happens compuiation lngenuity for Life

. . . Simcenter STAR-CCM+ Solution Time 54.25 (s)
Simcenter STAR-CCM+ Solution Time 54.9 (s)

Particle Diameter (um)
750

750
l291 i e . 291

RE]

Particle Diameter (um)

_113
44

Parcel approach usually used for large no. of
droplets
Ex: 1e6 droplets represented by 1e3 parcels

Modeling exact no. of particles (2084)
Realistic representation

Unrestricted © Siemens AG 2020
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Reducing droplet transmission
Masks — our greatest ally

SIEMENS
Iv\gaeb\uffyfor&'fe

Source: New York Times

Unrestricted © Siemens AG 2020
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Mask Type Standards Filtration Effectiveness
Single-Use Face Mask
. 3.0 Microns: 295%
China: YY/T0969
0.1 Microns: X
Suraical Mask v 3.0 Microns: 295%
ina:
TgICal 0.1 Microns: 230%
Level 1 Level 2 Level 3
USA: ASTM F2100
- 3.0 Microns: 295% | 30 Microns: 298% | 3.0 Microns: 298%
T — 0.1 Microns: 295% | 0.1 Microns: 298% | 0.1 Microns: 298%
o Type | Type Il Type Il
- Europe: EN 14683
3.0 Microns: 295% | 3.0 Microns: 298% | 3.0 Microns: 298%
0.1 Microns: X 0.1 Microns: X 0.1 Microns: X
Respirator Mask USA: NIOSH (42 N95/KN9S | N99/KN99 | N100/KN100
- CFR 84)
China: GB2626 0.3 Microns: 295% | 0.3 Microns 299% | 0.3 Microns 299.97%
9501 ww
= FFP1 FFP2 FFP3
Europe:
EN 149:2001 0.3 Microns: 280% | 0.3 Microns: 294% | 0.3 Microns: 99%

3.0 Microns: Bacteria Filtration Efficiency standard (BFE).
0.1 Microns: Particle Filtration Efficiency standard (PFE).
0.3 Microns: Used to represent the most-penetrating particle size (MPPS), which is the most difficult size

particle to capture.
X: No requirements

Siemens Digital Industries Software




Modeling a mask SIEMENS

Challenges lngenuity for Life
Diameter Efficiency
4.00E-07 0.4
8.50E-07 0.5
9.50E-07 0.6
1.50E-06 0.9
2.50E-06 0.95
3.50E-06 0.95
4.50E-06 0.95
7.50E-06 0.98
1.25E-05 0.99
1.75E-05 0.99
2.25E-05 1
1.00E-03 1

Analytical and numerical investigation of the airflow in face masks used for protection against COVID-
19 virus — implications for mask design and usage
R. Peric” 11 and M. Peric” 2

Unrestricted © Siemens AG 2020
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Modeling a mask SIEMENS

Challenges Vogienily forCife

i Diameter Efficiency
4.00E-07 0.4

8.50E-07 0.5

9.50E-07 0.6

1.50E-06 0.9

2.50E-06  0.95

3.50E-06  0.95

4.50E-06  0.95

7.50E-06  0.98

1.25€-05  0.99

1.75€-05  0.99

2.25E-05. 1

N 1.00E-03 1

Analytical and numerical investigation of the airflow in face masks used for protection against COVID-
19 virus — implications for mask design and usage
R. Peric” 11 and M. Peric” 2
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Simulating a single cough(Empty room) SIEMENS
No mask vs mask lngenuity for Life
Simcenter STAR-CCM+ Solution Time 0.855 (s) Simenter STARGEN: Solution Time 0.9 (s)

Particle Diameter (um)
Particle Diameter (um) 750

i s I291
" G . .
.:-’é\‘z: - .
44
// 17
\\'

e

Mask modeled as a baffle interface
Coughing without a mask Gaps on the sides, top and bottom modeled

Realistic representation of a single cough Filtration efficiency assumed from triple layer masks
viscous porous resistance, Cm = 2000m/s u

Unrestricted © Siemens AG 2020
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Airbus / Siemens SIEMENS
CFD simulation of cough droplet propagation in aircraft cabin lngenuity for Ufe

Understanding transport of particles from a human cough in aircraft
cabin

Simcenter STAR-CCM+ Simcenter STAR-CCM+

3
\

Simulation with a mask

Simulation without a mask

Simulation of cough in aircraft
cabin » Leaving middle seat open doesn’t change risk factor
With/without a mask + With mask, less than 1% particles remain airborne in less than 2 minutes

Asynchronous breathing included

KPls:
Counting inhaled particles per passenger

Risk assessment indicators in cabin

Validated aerothermal cabin airflow
used

Particle size characterization
Particles in breathing zone
Time to reach <1% airborne particles

Courtesy: https://www.plm.automation.siemens.com/global/en/webinar/high-fidelity-cough-simulation/78865




Medevac Cabin Analysis — UES/USAF SIEMENS

|[dentify bioaerosol contamination to safely airlift COVID-19 patients lngenuity for life
SN Droplets from sick passenger injected and tracked throughout the aircraft
cabin using Simcenter STAR-CCM+ multi-phase functionality
ol 2 . . . Stuck Particle Mass Airborn Particle Count
) | | r\ recirculation
- ~_recirculation
T~ i ol "
Partice inent mass and resnan times
predicted

C-130 aircraft scenario

200 CPUs in a few days + Output aides in the design of the cabin ventilation & aircrew safety procedures

Transiestmuli-phase cabin with » Helped identify contamination hotspots for disinfection purposes

+100,000 Lagrangian particles

Solve quickly using High
Performance Computing cluster

“The airflow study enables mission planners to understand and visualize how the
air and any biological contaminants will move inside the cargo aircraft and best

mitigate the risks. This data makes in-patient transfer and overall Air Force
personnel transport safer for all involved”

Infected passengers on beds

Simcenter Engineering Services
UES

https://www.plm.automation.siemens.com/global/en/our-story/customers/ues-simcenter/90375/




Heraeus Noblelight SIEMENS
Designing a 99.99% efficient UV-C purifier with CFD lngewnuity for life

- Soluva UV-C air purifier designed with CFD simulation

Solution Time 20 (s

New device designed and validated
with simulation

Experiments proved 99.99% , G
purification efficiency

Droplet simulation with Simcenter
STAR-CCM+ to assess device "It is much easier to first model a product in the virtual world than to physically

performance assemble it directly. Thanks to the precise simulation, we saved many production
First device already fitted in steps and immediately knew what to look out for”

regional bus - Dr. Larisa von Riewel, CAE and simulation expert

Courtesy: https://www.heraeus.com/en/group/innovation/press _and news 1/2020 4/virtual simulation_air_disinfection.html




Cough/sneeze in other spaces SIEMENS
Industrial use cases lngenuity for Ufe

Courtesy of Texas A&M University -
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Keys to modeling a cough in an airplane accurately SIEMENS
lngenuity for Life

Diligent modeling to include as many relevant

variables ’ &{?’ i 4 &

Multiphysics CFD simulation approach to accurately

model the scenarios } % mﬂ‘

ﬂ" ‘

&
» [
Proper representation of the cabin environment !

Right approach to droplet tracking

Unrestricted © Siemens AG 2020
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SIEMENS
Iug,a\uify{orufe.

_ prashanth.shankara@siemens.com

‘durrell.rittenberg@siemens.com
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